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(54) Method of increasing the brightness of a display system 



(57) A method of increasing the brightness of a 
pulse width modulation display system. Image bits are 
displayed during display periods having a non-binary 
relationship. The display period of an object bit 902 is 
set equal to a minimum data load time, and the display 
periods of ail other bits are initially set to have a binary 
relationship with the object bit. The display periods of at 
least one non-object bit 904, 906. 908 are then reduced 



in order to reduce the total frame time to no more than 
the available useable frame time 910. Preferably, only 
the display periods of bit of significance greater than the 
object bit are reduced. The reduction of display periods 
is guided by Weber's law, in order to prevent the non- 
binary steps from being noticeable or objectionable to 
the viewer. 
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Description 

FIELD OF THE INVENTION 

This invention relates to the field of image display sys- s 
terns, more particularly to image displays using pulse- 
width modulation to produce gray-scale images. 

BACKGROUND OF THE INVENTION 

10 

Image display systems create images by emitting or 
modulating light. The light forms an array of picture ele- 
ments, or pixels, which together form a viewable image. 
While most light modulators can create multiple inten- 
sity levels, true digital light modulators, such as the Dig- is 
ital Micromirror Device (DMD) cannot. Without the 
capability to create multiple brightness levels, digital 
light modulators rely on a binary pulse width modulation 
scheme to create various intensity levels by turning a 
modulator element "ON" and "OFF" very rapidly. This 20 
modulation scheme, however, can create inefficiencies 
which lower the intensity of the displayed image. 
[0001] Intensity, or image brightness, is only one of 
many metrics, including horizontal and vertical resolu- 
tion, color purity, display size, frame rate, and immunity 25 
from device created image artifacts, by which display 
systems are judged. Some of these characteristics are 
more important to consumers, either because they cre- 
ate a noticeably superior image, or simply because they 
differentiate between the display systems on display in 30 
a store. Brightness is one metric that is extremely 
important to purchasers of display systems. Therefore, 
an improved modulation scheme and system are 
needed to increase the image brightness available in 
pulse width modulated display systems. 35 

SUMMARY OF THE INVENTION 

[0002] The present invention provides a method and 
system for a non-binary pulse width modulated display 40 
having improved brightness. 

[0003] A method of increasing the brightness of a dis- 
play system is provided in which a useable frame period 
is divided into nonbinary bit periods, one bit period for 
each of n image bits. An object bit is determined, the 45 
object bit being the bit having the largest binary bit dis- 
play period which is less than a minimum data load time 
of a target display device. The display period of the 
object bit is set equal to the minimum data load time of 
the display device, and the periods of all other image so 
bits are set to have a binary relationship to the display 
period of the object bit. The display period of at least 
one non-object bit is then reduced so that the sum of all 
display periods and any necessary blanking periods is 
no greater than the useable frame time of the display ss 
system. 

[0004] The reduction in non-object bit display periods 
is performed to reduce the perceptible impact on the 



displayed image. Ideally, the reduction results in a 
Weber's fraction of less than 11%. or more preferably 
less than 6%, or still more preferably less than 2%, or 
most preferably Weber's fraction is minimized for all 
transitions of the reduced bits. 
[0005] Alternatively a display system having increased 
brightness is provided. The display system comprises, a 
display device having a minimum data load time and a 
timing and control circuit. The timing and control circuit 
for receiving image data words comprised of data bits 
including an object bit and for providing the data bits to 
the display device for display during bit periods having a 
length. The object bit has a bit period at least equal to 
the minimum data load time, and the length of bit peri- 
ods for data bits of significance less than the object bit 
have a binary relationship to the length of the object bit 
display period. The display period for data bits of signif- 
icance greater than the object bit have a shortened, 
non-binary relationship to the object bit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention will now be further 
described, by way of example, with reference to the 
accompanying drawings in which: 

FIG. 1 is a perspective view of a portion of a Digital 

Micromirror Device (DMD) array: 

FIG. 2 is an exploded view of the DMD of Figure 1 ; 

FIG. 3 is schematic representation of the bistable 

operation of two mirrors of the DMD array of Figure 

1; 

FIG. 4 is a schematic representation of a DMD- 
based image display system; 
FIG. 5 is a timeline showing a simplified represen- 
tation of the sub-division of display periods used by 
the display system of Figure 4; 
FIG. 6 is a graph of the display period duration for 
binary weighted data bits; 

FIG. 7 is a timeline of a frame period showing the 
blanking periods necessary to load data into a dis- 
play device following short data periods. 
FIG. 8 is a timeline of a frame period showing one 
of the blanking periods of Figure 7 converted to a bit 
set period in order to increase brightness; 
FIG. 9 is a timeline of a frame period showing non- 
binary bit weighting; as disclosed herein; 
FIG. 10 is a graph of the display period duration for 
binary weighted and non-binary weighted data bits. 
FIG. 11 is a schematic representation of a DMD- 
based display system providing improved bright- 
ness by the elimination of a blanking period. 
FIG. 1 2 is a graph showing the impact of non-binary 
weighted data on a green image sub-frame display 
period at a 75. 1 1 Hz. frame rate; and 
FIG. 1 3 is a graph showing the impact of non-binary 
weighted data on a red image sub-frame display 
period at a 75.1 1 Hz. frame rate. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0007] A promising technology which may dramati- 
cally improve the image quality of image displays is the 
Digital Micromirror Devices (DMD). Figures 1 and 2 
show a portion of a typical DMD array 100. A DMD is an 
array of very small mirror elements 102 suspended over 
a substrate 104 which are operable to modulate incident 
light. Electrostatic attraction between the mirror 102 and 
an address electrode 106 causes the mirror to twist in 
either of two directions, about an axis formed by a tor- 
sion beam hinge 108. The mirror rotates about this 
hinge until the rotation is mechanically stopped. Some 
DMD designs stop the rotation by landing the tip 1 10 of 
the mirror 102 on a landing zone 112, other designs use 
an elongated yoke which contacts a bias/reset metaliza- 
tion layer on the surface of the substrate. The yoke 116 
shown in Figures 1 and 2 is not elongated since the mir- 
ror 1 02 shown lands on the tip 1 1 0 rather than the yoke. 
[0008] DMDs are controlled by electronic circuitry fab- 
ricated on the silicon substrate 104 under the DMD 
array. The circuitry includes an array of memory cells, 
typically one memory cell for each DMD element, con- 
nected to the address electrodes 106. The output of a 
memory cell is connected to one of the two address 
electrodes and the inverted output of a memory cell is 
connected to the other address electrode. Once data is 
written to each memory cell in the array, a voltage is 
applied to the DMD mirrors 102 creating a large enough 
voltage differential between the mirrors and the address 
electrodes to cause the mirror to rotate in the direction 
of the greatest voltage potential. Since the electrostatic 
attraction grows much stronger as the mirror is rotated 
near an address electrode, the memory cell contents 
may be changed without altering the position of the mir- 
rors once the mirrors are fully rotated. Thus, the mem- 
ory cells may be loaded with new data while the array is 
displaying previous data. A typical load time for a DMD 
array is 219.8 \iS, but the load time varies depending on 
the input circuitry used by a particular DMD array. 
[0009] DMD arrays are typically operated in a dark- 
field mode. In one embodiment of dark-field operation, 
light 118 from a light source 120 is focused on a DMD 
array 122 and strikes the DMD array 122 from an angle 
equal to twice the angle of rotation. If a mirror 102 is 
rotated towards the light source 120, (i.e. to an "ON" 
position) light incident on the mirror will reflect perpen- 
dicular to the array and may be focused on a viewing 
screen 124 or image plane where ft will form part of the 
image. If a mirror 102 is rotated away from the light 
source 120, (i.e. rotated to an "OFF" position) light inci- 
dent on the mirror 102 will reflect away from the viewing 
screen 124 and will not form part of the image. 
[001 0] Light incident on the DMD forms an illuminated 
dot on the viewing screen for every mirror 102 that is 
rotated to the "ON" position. Each of these dots repre- 
sents one picture element, or pixel, which is the small- 



est individually controllable portion of an image. Using a 
large array of mirrors, an image is created by selectively 
turning some mirrors to the "ON" position while turning 
some to the "OFP position, thereby creating a pattern 

5 of illuminated dots on the viewing screen. 

[001 1 ] To create multiple brightness levels, or shades 
of gray, the duty cycle of each mirror is altered by rapidly 
rotating the mirror between the "ON" and "OFF" posi- 
tions. This creates a pixel that over time, consists of a 

io series of illuminated periods and non-illuminated peri- 
ods. The viewer's eye integrates these periods so that 
the view perceives an illuminated dot having a bright- 
ness proportional to the duty cycle of the mirror. 
[0012] Full-color images are created by displaying 

is multiple monochromatic images, typically red, green, 
and blue, and once again allowing the viewers eye to 
integrate a series of images. Depending on the cost and 
required image quality of the projection system, the 
monochromatic images may be projected sequentially 

20 or simultaneously. Figure 4 depicts a sequential color 
DMD-based image projector 400. Timing and control 
circuit 402 receives image data from a tuner or other 
image source, and controls the operation of a DMD 404, 
a color wheel motor 406 and a light source 408. A pre- 

25 jector lens 410 focuses light from the DMD 404 onto a 
viewing surface 412 where the modulated light creates 
a full-color image. 

[001 3] Rgure 5 is a timeline showing a typical sequen- 
tial color binary pulse-width modulation data stream. In 

30 Figure 5, each frame period 502 is comprised of three 
sub-frames 504, 506. 508, each sub-frame being a 
period in which the color wheel outputs monochromatic 
light. Each sub-frame is further sub-divided into bit peri- 
ods. During each bit period the DMD mirrors are set to 

35 the "ON" or "OFF" position depending on the image 
data written into the DMD by the timing and control cir- 
cuit 402. Figure 5 shows a simple bit sequence for one 
binary 8-bit color word of a three color image system in 
which each bit is displayed for twice the period of the 

40 less-significant prior bit. Rgure 5 is for illustration only, 
some applications alter the order in which the bits are 
displayed, or even divide the longer bit periods into two 
shorter, non-consecutive bit periods. Furthermore, 
some systems spirt one or more of the color sub-frames 

45 such that some of the data bits are displayed during one 
sub-frame while others are displayed in another sub- 
frame. 

[0014] Figure 6 shows the display period for each bit 
of an 8-bit binary image data word in a three color 
so image display system operating at a 75.1 1 Hz frame 
rate. As mentioned above, a typical DMD array takes 
219.8 }iS to transfer image data for each pixel into the 
memory array controlling the mirror operations. As seen 
in Figure 6, five of the eight data bits, bits 0-4, are dis- 
ss played for less than 219.8 *tS. When a bit is displayed 
for (ess than the load time, the display data for the next 
display period cannot be loaded into the memory array 
before the end of the bit display period, and a blanking 
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period must be used. 

[0015] Blanking periods 702, as shown in Figure 7, 
are periods during which all of the mirrors on the array 
are in the "OFP position while the memory array is 
being loaded. Blanking periods are at least as long as s 
the period necessary to load the imaging device. Some 
imaging devices may simply be turned "OFF", or pow- 
ered down, during blanking periods. Removing the bias 
voltage from the DMD mirrors, however, returns the mir- 
rors 102 to a neutral position where at least some 10 
reflected light enters the lens aperture and is projected 
onto the viewing surface. Therefore, all of the DMD mir- 
rors must be rotated to the -OFF" position during blank- 
ing periods. 

[0016] Rotating all of the DMD mirrors to the "OFF" is 
position requires writing data to each memory cell in the 
DMD. Since writing "OFP data to a memory cell takes 
the same amount of time that writing image data takes, 
and since blanking periods are necessary when there is 
insufficient time to write image data to the memory cells, 20 
additional circuitry is added to the DMD to allow "OFF" 
data to be written to all of the memory cells, or large 
blocks of the memory cells. This additional circuitry fills 
the entire DMD array with "OFF" data during even the 
smallest bit display periods. 25 
[001 7] While blanking periods allow display devices to 
operate at high frame rates or at finely adjusted gray 
scales, they reduce maximum brightness of the result- 
ing image. The brightness reduction is due to the fact 
that the portions of the light beam received by the DMD 30 
during the blanking periods are not used to create an 
image. 

[001 8] Image brightness is very important to consum- 
ers of video displays. Thus, any reduction in the bright- 
ness of a display reduces consumer satisfaction and 35 
results in lost sales opportunities. Therefore, it is highly 
advantageous to increase the brightness of a display, 
even through means that reduce the fidelity of the dis- 
played image. 

[001 9] One method of increasing the brightness of the <o 
display is to change one or more blanking periods from 
an all "OFF" period to an all "ON" period: a period dur- 
ing which all of the mirrors reflect light to the viewing 
screen. Although this method does increase the bright- 
ness of the display, it also reduces the contrast ratio of 45 
the display. A better method is to adjust the bit display 
periods to efficiently utilize the frame period. Specifi- 
cally, a better method is to minimize the number of 
blanking periods required by lengthening the display 
period for one or more bits in order to eliminate the need so 
for the blanking period previously required after the now 
lengthened bit. 

[0020] The benefits achieved, and the impact to an 
image, from lengthening the display period of a bit 
greatly depends on the amount the display period must ss 
be lengthened in order to eliminate a blanking period. 
The closer a bit display period is to the minimum data 
load period of the display device, the less a bit display 



period must be extended to eliminate a blanking period 
and the greater the benefit from lengthening the bit. The 
more a bit display period must be extended, the smaller 
the benefit from lengthening the bit and the more objec- 
tionable the resulting changes to the image will be. 
[0021 ] Lengthening a bit period was found to increase 
image brightness without introducing objectionable side 
effects in sequential color systems operating at a 72 to 
78 Hz frame rate. At a 75 Hz frame rate, a single color 
frame period is 4444 uS long. The display system can- 
not operate during a transition between segments on 
the color wheel since any image produced during a 
color transition, or spoke time, would not only be two 
colors, but the dividing point between the two single 
color regions would be moving. Therefore, during color 
transitions, which typically take 272.2 uS, the mirrors on 
the DMD must be rotated to the "OFP position so that 
light incident the display device is not allowed to reach 
the viewing screen. 

[0022] This color transition blanking period is synchro- 
nized with the device load blanking period so that one 
blanking period coincides with the spoke time, thereby 
minimizing the total time the display device is inopera- 
tive. Since there is no need for a blanking period imme- 
diately following bit 7, aligning the color transition with a 
spoke requires the data bits to be displayed in some 
order other than by increasing significance as shown in 
Figure 7. Nevertheless, for the purposes of illustration, 
this disclosure will ignore spoke periods and illustrate 
the disclosed invention using only sequential bit 
sequences. 

[0023] The length of the typical spoke time, 272.2 uS, 
is greater than the typical minimum blanking period, 
219.8 11S. so the blanking period coinciding with the 
spoke time is increased. Additionally, a mirror control 
process called reset release also extends the length of 
one blanking period to 272.2 uS. 
[0024] Dividing the useable frame period into eight 
binary bit periods requires the use of five blanking peri- 
ods as shown in Figure 7. Each blanking period is equal 
to the minimum load time of the display device, in this 
case 219.8 uS, or the duration of the color wheel spoke 
period. The approximate bit periods for each bit are 
listed below in Table 1 . As seen in Figure 7 and Table 1 , 
1203.8 jiS are used solely for the five blanking periods, 
leaving only 3240.2 uS during which to display image 
data. Also shown in Figure 7 and Table 1 , the display 
period for bit 4 is 195.2 jiS, just short of the minimum 
219.8 uS minimum load time. 



TABLE 1 



Bit 


Duration 


BitO 


12.2 uS 


Blanking Period 0 


272.2 uS 


Bit 1 


24.4 uS 
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TABLE 1 (continued) 



TABLE 2 (continued) 



Bit 


Duration 


Blanking Period 1 


272.2 nS 


Bit 2 


48.8 nS 


Blanki n a Period 2 


219.8 \iS 


Bit 3 


97.6 nS 


Blanki na Period 3 

L^mi ir\ii i\j i w i i w w 


219 8 uS 


Bit 4 


195.2 uS 


Blanking Period 4 


219.8 iiS 


Bit 5 


390.3 jiS 


Bit 6 


780.6 uS 


Bit 7 


1561.2 uS 


Total Bit Period 


3110.3 pS 


Total Blank Period 


1203.8 uS 


Total Frame Period 


4314.1 S 



[0025] Table 2 details the timing for a single color 
frame period of the same length as Table 1 , illustrating 
some of the features of the present invention. The bit 
periods for bits 0-7 utilize binary weighting as did the 
bits in Table 1, but are derived by setting bit 4 equal to 
the minimum device load time, and calculating the dis- 
play periods for all other bits based on the length of bit 
4. The lengthened bit. herein referred to as the "object 
bit," is the bit having the longest display period which is 
less than the minimum load time of the display device. 
The object bit could be any bit in the display word: 
depending on the minimum data load time of the display 
device, the number of data bits, and the useable frame 
time of the display. 

TABLE 2 



75 



20 



Bit 


Duration 


BrtO 


13.7 uS 


Blanking Period 0 


272.2 *iS 


Brt 1 


27.5 \xS 


Blanking Period 1 


272.2 >iS 


Bit 2 


55.0 uS 


Blanking Period 2 


219.8 iiS 


Bit 3 


109.9 ^iS 


Blanking Period 3 


219.8 <iS 


Bit 4 


219.8 \iS 


Bit 5 


439.6 uS 


Bit 6 


879.2 uS 



30 



35 



40 



45 



50 



55 



Bit 


Duration 


Bit 7 


1758.4 \iS 


Total Bit Period 


3503.1 iiS 


Total Blank Period 


984.0 uS 


Total Frame Period 


4487.1 uS 
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[0026] While the binary timing allocation of Table 2 
increases the efficiency of the display system by reduc- 
ing the total time allocated to blanking periods to 984 uS 
from 1203.8 pS. the total time used to display all eight 
bits, 4487.1 uS, exceeds the 4444 uS available, hence 
the need for the shorter binary bit times of Table 1. By 
foregoing purely binary bit periods, however, the benefit 
of the lengthened bit, i.e. increased brightness, is main- 
tained without exceeding the allowable bit display 
period. 

[0027] Table 3 and Figures 9 and 10 illustrate one 
embodiment of the disclosed invention. In Table 3, bit 4 
has been set equal to the minimum data load time for 
the display device, and the rest of the data bit display 
periods have been set to provide a binary weighing 
between bits 0-4. Bits 5-7 have been set to a length that 
closely approximates a binary relationship with the 
object bit but is slightly shorter so that all for the bit peri- 
ods and blanking periods are less than the useable 
frame time. As a result of altering the bit weighting from 
true binary weighting to a weighting scheme that elimi- 
nates a blanking period, the sum of all bit periods has 
increased from 3110.4 p.S to 3330.4 *iS, which trans- 
lates to an increase in brightness of 7.1%. Figure 9 is a 
timeline of a frame period 910 showing an elongated 
object bit display period 902 and shortened display peri- 
ods for the data bits of significance greater than the 
object bit 904, 906, 908. Figure 10 is a graph of the bit 
display periods for each data bit of a binary display sys- 
tem and a non-binary display system according to one 
embodiment of the present invention. Figure 1 1 is a 
schematic representation of a DMD-based display sys- 
tem providing improved brightness by the elimination of 
a blanking period. 



TABLE 3 



Bit 


Duration 


BitO 


13.7 uS 


Blanking Period 0 


272.2 uS 


Bit 1 


27.5 \iS 


Blanking Period 1 


272.2 jiS 


Bit 2 


55.0 


Blanking Period 2 


219.8 uS 
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TABLE 3 (continued) 



Bit 


Duration 


Bit 3 


109.9 uS 


Blanking Period 3 


219.8 uS 


Bit 4 


219.8 uS 


Bit 5 


425.4 uS 


Bit 6 


869.5 uS 


Bit 7 


1748.4 jiS 


Total Bit Period 


3330.4 uS 


Total Blank Period 


984.0 uS 


Total Frame Period 


4314.4 



sate for the contrast ratio, the brightest intensity level is 
normalized to a value of 1 .0 and all other intensity levels 
are set according to: 



[0028] The weighting scheme discussed above sub- 
stantially increases the brightness of the image display 
system, but it does so by disrupting the binary weighting 
with which the data was originally encoded. This disrup- 
tion raises two issues which are sources of artifacts, or 
image attributes created by the display system that are 
not present in the input image data. The first issue is 
that an image display using the non-binary weighting 
will not perfectly reproduce the original brightness levels 
represented by thelanary weighted image daM " 
[0029] The second issue is whether the non-binary bit 
weights will cause large luminance steps between adja- 
cent data values. Ideally, a display system is capable of 
producing enough unique luminance levels that the dif- 
ference between two adjacent levels is imperceptible to 
the human viewer. 

[0030] Large luminance steps introduce image arti- 
facts in the image display. Specifically, since the pixel 
duty cycle has odd-sized jumps when any image bits 
with non-binary weighting transition from one state to 
another, the image display system introduces false con- 
tours in the displayed image. 

[0031] Although the potential image artifacts cannot 
be eliminated, their impact is reduced, often below the 
level perceptible to the human eye, by careful selection 
of the non-binary bit periods. Whether a change in lumi- 
nance, or brightness, is perceptible to the human eye is 
described by Weber's Law. From the Television Engi- 
neering Handbook: 

If an area of luminance B is viewed side by side with 
an area of luminance B + • B, a value • B may be 
established for which the brightness of the two 
areas are just noticeably different. The ratio of • B/B 
is known as Weber's fraction. The statement that 
this ratio is a constant, independent of B, is known 
as Weber's Law. 

[0032] Prior to computing Weber's fraction, the 
response curve of the display must be scaled to account 
for the contrast ratio of the display system. To compen- 



15 



20 



25 



30 



35 



50 



55 



B[n] : 



" 1 [n]*(CR- 1) + 1)/CR 



where: 



B[n] = normalized brightness output (0, 1 .0) 
•* 1 [n] = output level of de-gamma lookup table (0, 
1.0) 

CR = contrast ratio as CR:1 

[0033] Although Weber's Law breaks down at very 
high and very low luminance levels, Weber's Fraction 
over the range of interest for most consumer display 
systems is relatively constant at approximately 2%. 
Therefore, as long as the non-binary steps result in a 
change of brightness less than 2%, the step should be 
imperceptible to a human viewer and no visible artifacts 
will be introduced into the image. Steps of more than 
2%, but less than 6%, are just noticeable. Steps of over 
6%, but less than 11%, are noticeable, but acceptable 
for many applications, while steps of over 11% are 
objectionable and therefore unacceptable due to the 
effects of false contouring. 

[0034] Because Weber's law indicates when lumi- 
nance steps will become noticeable, it provides a useful 
metric with which to determine how to reduce the dis- 
play periods so that the total display period is no greater 
than the useable frame period. Figures 1 1 and 12 show 
Weber's fraction plotted against the input data word for 
one embodiment of the disclosed invention. Although 
any of the non-object bits could be reduced to compen- 
sate for the lengthened bits, in practice only the bits of 
significance greater than the object bit are reduced. 
Reducing only the most significant bits, limits the disrup- 
tion of original Weber's fraction to fewer locations since 
the larger bits toggle less than the smaller data bits over 
the range. Although Weber's fraction at the low end of 
the image data scale is high even with true binary 
weighting, preferably Weber's fraction is limited to less 
than +/- 11% for the range of values greater than the 
weight of the object bit. More preferable, Weber's frac- 
tion is limited to less than +/- 6%. and most preferably, 
Weber's fraction is limited to less than +/- 2%, or mini- 
mized. 

[0035] Although, aspects of the disclosed invention 
have been described above in terms of a single color 
frame of a three-color sequential-color projection sys- 
tem, which sequentially projects images data a bit at a 
time in contiguous segments arranged in order of mag- 
nitude, it should be apparent that the disclosed inven- 
tion is applicable to virtually any display system, 
regardless of the ordering of the display bits or the 
method of generating a full-color image. The disclosed 
invention is applicable any time a display system with a 
minimum load time displays information using pulse- 
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width modulation schemes. 

[0036] Thus, although there has been disclosed to this 
point a particular embodiment for a display system hav- 
ing an increased brightness and a method thereof, it is 
not intended that such specific references be constd- s 
ered as limitations upon the scope of this invention. Fur- 
thermore, having described the invention in connection 
with certain specific embodiments thereof, it is to be 
understood that further modifications may now suggest 
themselves to those skilled in the art. io 

Claims 

1. A method of increasing the brightness of a display 
system by dividing a single-color frame period into is 
non-binary bit periods, one bit period for each of n 
image bits, said method comprising: 

dividing said useable frame period into blank- 
ing periods and binary weighted display peri- 20 
ods, one said binary weighted bit period for 
each of said n image bits; 
determining an object bit, said object bit being 
the image bit allocated the largest of said 
binary weighted display periods less than said 25 
minimum data load time for said display sys- 
tem; 

increasing said display period of said object bit 
equal to at least said minimum data load time; 
deleting one of said blanking periods; 30 
increasing said display period of each said 
image bit based on a binary relationship with 
said object bit; and 

decreasing at least one of said display periods 
for at least one bit other than said object bit. 35 
said decrease sufficient to reduce a sum of all 
n of said display periods and said blanking peri- 
ods to no more than said frame period. 

2. Trie method of Claim 1, wherein said decreasing 40 
step results in a Weber's fraction of no more than 

1 1% for all bit transitions for data values above a 
value of the object bit. 

3. The method of Claim 1 or Claim 2, wherein said 45 
decreasing step results in a Weber's fraction of no 
more than 6% for all bit transitions for data values 
above a value of the object bit. 

4. The method of any of Claims 1 to 3, wherein said so 
decreasing step results in a Weber's fraction of no 
more than 2% for all bit transitions above the value 

of the object bit. 

5. The method of any of Claims 1 to 4, wherein said ss 
decreasing step results in minimizing Weber's frac- 
tion for all bit transitions above the value of the 
object bit. 



6. The method of any of Claims 1 to 5, wherein said 
decreasing step comprises: 

decreasing at least one of said periods for at 
least one bit of greater significance than said 
object bit, said decrease sufficient to reduce a 
sum of all n bit periods to no more than said 
useable frame period. 

7. The method of any of Claims 1 to 6, said decreas- 
ing step comprises: 

decreasing all of said periods for all bits of 
greater significance than said object bit, said 
decrease sufficient to reduce a sum of all n bit 
periods to no more than said useable frame 
period. 

8. A display system having increased brightness, said 
display system comprising: 

a display device having a minimum data load 
period; 

a timing and control circuit for receiving image 
data words comprised of data bits including an 
object bit, and for providing said data bits to 
said display device, for display during bit peri- 
ods having a length, wherein said object bit has 
a bit period at least equal to said minimum data 
load period, said length of bit periods for said 
data bits of significance less than said object bit 
having a binary relationship to said object bit, 
said bit periods for said data bits of significance 
greater than said object bit having a shortened, 
non-binary relationship to said object bit. 
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